Herniated nucleus pulposus (HNP) is a common disease that induces back pain and radicular pain. Some cases require surgical treatment due to persistent severe pain. However, in some cases, pain can be relieved with conservative treatment or at times relived spontaneously. Therefore, the most effective treatment method for HNP is undefinable. Spontaneous regression of HNP has been recognized with the advancement of radiological diagnostic tools and can explain the reason of spontaneous relief of symptoms without treatment.
INTRODUCTION
Herniated nucleus pulposus (HNP) is a common disease that induces back pain and radicular pain. The pathogenesis of radicular pain is not clearly defined. Inflammation of the nerve root and intervertebral disc tissue may be a major factor to radiculopthy. Some cases require surgical treatment due to persistent severe pain. However, in most cases, pain can be relieved with conservative treatment or in some, spontaneously. Spontaneous regression of HNP is thought to occur via an inflammatory reaction with macrophages and molecular mechanisms of phagocytic processes 4, 5, 6) . The reaction generated by meninges may also lead to spontaneous regression even in the intradural HNP case 3) . Even in patients with large disc herniation, spontaneous regression of disc is a possible condition 10, 12, 13, 15) . Therefore, non-surgical treatment can be an another therapeutic option to treat large HNP, if there is no neurological deficit 7, 12, 13, 14) . The authors report three cases of spontaneous regression of lumbar extruded disc with disappearance of symptom.
CASE REPORT

Case 1
A 64-year-old male was admitted to our hospital with radiating pain and numbness in the right lower extremity. The symptom was aggravated one week ago. The motor weakness and sensory change was not noted. Magnetic resonance (MR) images showed extruded herniated nucleus pulposus (HNP) at the L 3-4 level (Fig. 1A, B) . He refused surgical treatment, so we performed transforaminal neural block. The symptom was relieved and he was discharged. On subsequent follow up, the symptom appeared to be gradually relieved. Follow-up MR study was done 3 months after and showed no HNP (Fig. 1C,  D) . He did not complain of any symptom at that time.
Case 2
A 74-year-old male was admitted to our emergency room with pain that aggravated a day ago on the right anterior thigh and buttock. He had undertaken discectomy at the L 4-5 level 2 years ago. MR images showed ruptured HNP at the L 1-2 level ( Fig. 2A, B) . He did not have motor weakness and bladder symptom. We started pain control by intravenous analgesics and muscle relaxant. Pain was subsided and he wanted to be discharged with oral medication. Three months later, he was admitted to our hospital for a follow-up checkup with no symptom. Ruptured HNP was not noted on MR image (Fig. 2C, D) . 
Case 3
A 67-year-old male was admitted to our hospital with right lower extremity pain and hypoesthesia, especially on the left L5 dermatome. MR images showed extruded HNP at the L 4-5 level (Fig. 3A, B) . We recommended surgical treatment, but he refused. As such, we treated conservatively. The pain was relieved gradually and followed up as an outpatient. Nine months later, the pain disappeared and the hypoesthesia was weakly remained. Follow-up MR images showed no HNP (Fig. 3C, D) .
DISCUSSION
HNP is one of the most common diseases that induce radicular pain and back pain. Spontaneous regression of HNP correlates with clinical improvement and is confirmed by serial MR images. The mechanism of spontaneous regression may be retraction, dehydration/degradation and inflammatory reaction with neovascularization. A correlation between the macrophage tissue infiltration and the symptom is not clear 11) . Morphological changes on MRI mainly correspond to clinical outcomes 8) .
The type of disc herniation is more contributable to spontaneous disc regression than the size of disc herniation. Transligamentous extension type of herniated disc material is more favorable than subligamentous and sequestrated type herniation 1) . In another study 8) , disappearance of HNP was seen frequently in the cases of migrating disc herniation, and it was presumed that the disc is more exposed to the epidural vascular supply. In case of extrusion or sequestration, an autoimmune response is promptly activated 16) . Neovascularization in the outermost areas of HNP, presenting an enhancing rim in MR images, is thought to be a major determinant of spontaneous regression of HNP 2) . At MR image, the hypervascularization is easily detected by contrast enhancement. However, the degree of neovascularization is varied. Newly developed vessels in and surrounding HNP play an important role in the wound healing process and resorption of HNP. Epidural application of basic fibroblast growth factor (bFGF) accelerated the process of resorption 9) . Neovascularization was observed at the periphery of the sequestrated discs. Many foamy cells (macrophages) were present in the vascularized areas 5) . Enhanced lesion at periphery of herniated disc is considered to represent inflammatory granulation. Inflammatory cells are most commonly seen in the sequestrated type HNP 17) . There was prominent infiltration of the inflammatory cells in the periphery of the extruded or sequestrated discs and most of them are macrophages. Macrophages are observed only in the periphery of the disc fragments 4) . Tumor necrosis factor (TNF)-α was the initiator of the inflammation, following contact between the macrophages and disc tissue. TNF-α could also act to accelerate the cascade of both angiogenesis and matrix degradation 6) . Thickness of rim enhancement is a more important factor to spontaneous regression than the extent of rim enhancement 2) . When rim enhancement is present on enhanced MR images, there is a possibility of spontaneous regression even though the herniated mass may be located within the intradural space 14) . The ratio of reduction in size of enhancing lesions is even higher in T2 hyperintense herniations 16) . The relatively-high water content can be the expression of soft, well-hydrated disc material or even an edema related to neovascularization and inflammatory reaction 16) . MR images are considered as a useful tool to predict the spontaneous regressive potential of HNP. Also, CT scan and MR images are the best diagnostic method to identify the spontaneous regression of HNP.
Spontaneous regression of disc is seen occasionally 10, 12, 13, 15) . Therefore, non-surgical treatment can be an another therapeutic option to treat HNP, when the patients did not want surgical treatment or if there is no neurological deficit 12, 13, 14) . Our three patients were also recovered conservatively.
CONCLUSION
Spontaneous regression of HNP is rare condition, but conservative treatment may be another option if the patient did not have motor weakness and bladder symptom, even though the size of herniated disc is large.
